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METHOD AND SYSTEM FOR
MICROFLUIDIC SAMPLE ANALYSIS

FIELD

The technology described herein 1s 1n the field of sample
analysis and measurement methods and systems. In particu-
lar, the technology described herein relates to sample analy-
s1s and measurement methods and systems that utilize
microfluidics for biomolecular separation and quantitation.

BACKGROUND

The use of microfluidics 1n the analysis and quantitation
ol biological and chemical samples 1s well known. One such
use involves a system that utilizes a microfluidic chip
(sometimes referred to as a “lab-on-a-chip™) to obtain one or
more samples, to process the sample(s) for measurement,
and then to assess the composition of the sample using, for
example, spectrophotometry or optical tracking of radioac-
tive or fluorescent markers previously placed in the samples.
The microfluidic chip typically includes a number of wells
into which dyes and reagents are deposited for interaction
with the samples. The wells are linked via microchannels to
a separation microchannel through which the samples are
drawn for analysis. Samples are typically provided as a
group on a multi-well sample plate, which are then loaded
(or “sipped”) 1n series onto the chip for combination with
reagents and/or dyes and then analysis by the system.

One advantageous application of microfluidics 1s the
clectrophoretic analysis of proteins in a biological sample.
In this technique, an electrical field 1s applied to a sample
which, in some cases, has been dyed and denatured. The
clectrical field causes molecules of different types to sepa-
rate due to the difference with which each type of molecule
interacts with the electrical field. For example, different
types of proteins have different molecular sizes, so diflerent
types of proteins will travel through a material (such as a
gel) at different rates depending on their sizes due to the
force of the electric field. The proteins, thus separated, can
be 1dentified and their attributes measured.

Microfluidic systems are extremely precise measurement
tools, and those of skill 1n the art have occasionally encoun-
tered problems with variation 1n the results of measurements
of samples using microfluidics. It has been found that minor
fluctuations 1n the parameters of analysis have a profound
cllect on the repeatability of the analysis. For example,
fluctuations 1n the features of one microtluidic chip com-
pared to another chip intended to be identical can cause
unwanted variation 1 measurement results. Such fluctua-
tions can include varnations 1n the dimensions of the micro-
channels. Fluctuations in the attributes of the required
reagents can also cause unwanted variations. These can
include variations in the dye fluorescence and concentration
of the reagents. Similarly, there can also be fluctuations 1n
the test conditions that cause variations in the measured
results. These mclude the power of the laser used to 1llumi-
nate the sample, the focus position of the laser, and the
volume of sample or reagent injected for analysis. Each of
the foregoing, and many others not listed, can aflfect the
run-to-run variation i the measurement signal of a micro-
fluidics analysis.

Thus, there 1s a need 1n the art to improve the consistency
of measured results across multiple runs from a microfludic
system and measurement method. It 1s further desired that
such an improvement be implemented with minimal disrup-
tion to currently-employed measurement processes and with
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minimal cost to the manufacturer and user of the relevant
test equipment. Further, 1t 1s desired that such improvements

be adaptable for use in the context of each of the many
possible causes of significant run-to-run variations.

SUMMARY

The technology described herein includes systems and
methods that use real-time multivariable analyses and
adjustment of operating conditions 1n order to reduce vari-
ability in reported sample analysis results. It may be applied
to multiple types of sample analysis techniques, including
microfluidic analyses of biomolecules or cells, including,
but not limited to, electrophoretic separations of proteins
and nucleic acids. The operating conditions are determined
based on the measured signals from the previous sample
runs under starting conditions. Examples of measured sig-
nals are fluorescence reading from biomolecules (protein or
other) and measured currents or voltages. Examples of
operating/controlling variables of microfluidic chips are
imposed voltages and/or currents and/or pressures in supply
wells, detector position or imposed times of various steps.

According to the technology described herein, system
software 1s adapted to optimize the analysis parameters that
generate a protein signal, or other reported data, before
running the test samples. During the pre-test sample pro-
cessing steps, calibration standard sample(s) are run and
analyzed. The software records calibration standard back-
ground and protein signals, and optimizes one or more
analysis parameters including, for example, the destain via
changing the current and/or voltage through the destain
channels. When the expected result 1s seen, the optimized
script with correct parameters (like the destain ratio setting)
1s then stored in the memory and replaces the default script
for the real run.

According to a first embodiment of the technology
described herein, a method for analyzing a sample 1s pro-
vided, comprising the steps of: A) analyzing a calibration
sample using a set of analysis parameters, the calibration
sample having an expected value of a first attribute; B)
calculating a measured value of the first attribute based at
least 1n part on the analysis of step A); C) comparing the
measured value to the expected value to determine whether
the measured value varies from the expected value by more
than a threshold amount; D) 1f the measured value varies
from the expected value by more than the threshold amount,
then 1) adjusting at least one of the set of analysis param-
cters to create an adjusted set of analysis parameters; 2)
performing steps A)-D) iteratively using the adjusted set of
analysis parameters until the measured value varies from the
expected value by less than the threshold amount; E) 11 the
measured value varies from the expected value by less than
the threshold amount, then analyzing a test sample using the
first set of analysis parameters.

In some embodiments, the step of A) analyzing a calibra-
tion sample further comprises the steps of: 1) sipping the
calibration sample into a channel of a microfluidic chip; 2)
drawing the calibration sample through a sieving matrix and
mixing the calibration sample with at least one of a dye and
a surfactant; and 3) 1lluminating the calibration sample with
excitation radiation. In some embodiments, the calibration
sample comprises a protein and step A) of analyzing a
calibration sample further comprises the steps of: 4) calcu-
lating a ratio of an amount of voltage and/or electric current
to be applied to a well containing a destain material to an
amount of voltage and/or electric current to be applied to
draw the calibration sample through the sieving matrix; and
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5) diluting the mixture of the calibration sample and at least
one of the dye and surfactant by applying the ratio of
voltages and/or electric currents.

In some embodiments, the step D)1) of adjusting at least

one of the set of analysis parameters further comprises
adjusting the ratio of an amount of voltage and/or electric
current to be applied to a well containing the destain material
to an amount of voltage and/or electric current to be applied
to draw the calibration sample through the sieving matrix. In
some embodiments, the first attribute i1s the purnity of the
calibration sample and the expected value 1s expressed as a
percentage. In some embodiments, the step C) of comparmg
the measured value to the expected value further comprises
the steps of: 1) calculating the percent purity of the calibra-
tion sample to obtain the measured value; and 2) subtracting
the measured value from the expected value to obtain a value
difference.
In some embodiments, the variation between the mea-
sured value and the expected value 1s determined to be
below the threshold amount when the absolute value of the
value difference 1s less than about 5% of the expected value.
In some embodiments, the step D)2) of performing steps
A)-D) 1teratively further comprises the step of 1) adjusting,
the ratio by about 0.25 on each 1teration of the performance
of steps A)-D).

In some embodiments, the method further comprises the
step of F) calculating, based on the electric resistance and
expected mobility for a standard maternial for at least one
channel on the microfluidic chip, a baseline ratio of an
amount of voltage and/or electric current to be applied to a
well containing the destain material to an amount of voltage
and/or electric current to be applied to draw the calibration
sample through the sieving matrix.

In some embodiments, the step of A) analyzing a calibra-
tion sample further comprises the steps of: 1) sipping the
calibration sample 1nto a channel of a microfluidic chip; 2)
mixing the calibration sample with a reagent drawn from at
least two reagent wells; 3) drawing the calibration sample
through a sieving matrix; and 4) illuminating the calibration
sample with excitation radiation. In some embodiments, the
step A)2) of mixing the calibration sample with a reagent
turther comprises the steps of: a) calculating an amount of
the reagent to mix with the calibration sample; b) calculating
a ratio of an amount of voltage and/or electric current to be
applied to a well containing the reagent at a first concen-
tration to an amount of voltage and/or electric current to be
applied to a well containing the reagent at a second con-
centration, wherein the second concentration 1s different
from the first concentration, wherein the ratio 1s suthicient to
mix the calculated amount of reagent with the calibration
sample; and ¢) mixing the reagent and calibration sample by
applying the ratio of voltage and/or electric currents. In
some embodiments, the step D)1) of adjusting at least one of
the set of analysis parameters further comprises adjusting
the ratio of an amount of voltage and/or electric current to
be applied to a well containing the reagent at a first con-
centration to an amount of voltage and/or electric current to
be applied to a well containing the reagent at a second
concentration.

According to a second embodiment of the technology
described herein, a system for analyzing a sample 1s pro-
vided, comprising: a detection system adapted to analyze
material samples and to provide analysis data associated
with each sample; at least one processor; at least one
computer-readable medium; data stored on the at least one
computer-readable medium comprising a baseline set of
analysis parameters for use by the detection system; sofit-
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4

ware stored 1in the computer-readable medium and pro-
grammed to execute on the at least one processor. The
software includes instructions to: calculate a measured value
ol a first attribute of a calibration sample based at least 1n
part on analysis data received from the detection system;
compare the measured value to an expected value of the first
attribute of the calibration sample to determine whether the
measured value varies from the expected value by more than
a threshold amount; adjust at least one of the baseline set of
analysis parameters so as to create and to store in the at least
one computer-readable medium an adjusted set of analysis
parameters in the event that the measured value varies from
the expected value by more than the threshold amount;
prompt a user of the system to initiate analysis of the
calibration sample using the adjusted set of analysis param-
eters; and prompt a user of the system to 1nitiate analysis of
a test sample using one of the baseline set of analysis
parameters or the adjusted set of analysis parameters.

In some embodiments, the system further comprises: a
plate holder for receiving a sample plate and a chip holder
for recerving a microfluidic chip, the chip having a sipper
through which a sample from the sample plate can be drawn,
at least one channel 1n fluid communication with the sipper,
and a plurality of wells. In some embodiments, the detection
system further comprises: a sipper actuation element
adapted to draw the sample from the sample plate through
the sipper and into the at least one channel; a loading well
actuation element adapted to apply a voltage and/or electric
current to at least one well containing at least one of a dye
material and a surfactant; a destain well actuation element
adapted to apply a voltage and/or electric current to a destain
well containing destain material; a separation channel well
actuation element adapted to apply a voltage and/or electric
current to at least one well so as to draw the sample through
a sieving matrix 1n a separation channel; and an 1lluminating
clement for exposing the sample to an excitation radiation.

In some embodiments, the software stored in the com-
puter-readable medium further includes nstructions to: cal-
culate a ratio of an amount of voltage and/or electric current
to be applied by the destain well actuation element to an
amount of voltage and/or electric current to be applied by the
separation channel well actuation element to create a con-
centration gradient and allow diffusion-driven dilution of the
mixture of the calibration sample and the dye; activate the
loading well actuation element to mix the dye and the
calibration sample; activate the separation channel well
actuation element to draw the calibration sample through the
separation channel based at least in part on the calculated
ratio; and; and activate the destain well actuation element to
dilute the mixture of the calibration sample and the at least
one of the dye and the surfactant based at least 1n part on the
calculated ratio. In some embodiments, the software stored
in the computer-readable medium further includes instruc-
tions to: adjust the ratio based on the result of the compari-
son of the measured value to the expected value and to store
the adjusted ratio as one of the adjusted set of analysis
parameters on the computer readable medium.

In some embodiments, the software stored in the com-
puter-readable medium further includes nstructions to: cal-
culate a baseline ratio of an amount of voltage and/or electric
current to be applied by the destain well actuation element
to an amount of voltage and/or electric current to be applied
by the separation channel well actuation element for storage
with the baseline set of analysis parameters. In some
embodiments, the instructions to calculate a baseline ratio
include instructions to: calculate an expected mobility for a
standard material through the at least one channel; calculate
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an electric resistance of the at least one channel; calculate a
maximum 1nitial ratio of an amount of voltage and/or
clectric current to be applied by the destain well actuation
clement to an amount of voltage and/or electric current to be
applied by the detection channel well actuation element 5
based on the calculated expected mobility and electrical
resistance; calculate a minimum 1nitial ratio of an amount of
voltage and/or electric current to be applied by the destain
well actuation element to an amount of voltage and/or
clectric current to be applied by the detection channel well 10
actuation element; and calculate the baseline ratio based on
a comparison ol a measured value of the first attribute of a
standard sample obtained using the maximum 1nitial ratio to
a measured value of the first attribute of the standard sample
obtained using the mimmum 1nitial ratio. 15

In some embodiments, the system further comprises: a
plate holder for receiving a sample plate and a chip holder
for recerving a microfluidics chip, the chip having a sipper
through which a sample from the sample plate can be drawn,
at least one channel 1n fluid communication with the sipper, 20
and a plurality of wells. In some embodiments, the detection
system further comprises: a sipper actuation element
adapted to draw the sample from the sample plate through
the sipper and into the at least one channel; a first reagent
well actuation element adapted to apply a voltage and/or 25
electric current to a first reagent well containing a reagent at
a first concentration; a second reagent well actuation ele-
ment adapted to apply a voltage and/or electric current to a
second reagent well containing the reagent at a second
concentration, wherein the second concentration 1s different 30
from the first concentration; a separation channel well
actuation element adapted to apply a voltage and/or electric
current to a well so as to draw the sample through a sieving
matrix in a separation channel; and an illuminating element
for exposing the sample to an excitation radiation. 35

In some embodiments, the software stored in the com-
puter-readable medium further includes instructions to: cal-
culate an amount of the reagent to mix with the sample;
calculate a ratio of an amount of voltage and/or electric
current to be applied to the first reagent well to an amount 40
of voltage and/or electric current to be applied to the second
reagent well suflicient to mix the calculated amount of
reagent with the calibration sample; and activate the first
reagent well actuation element and the second reagent well
actuation element to mix the calculated amount of reagent 45
with the sample. In some embodiments, the software stored
in the computer-readable medium further includes 1nstruc-
tions to: adjust the ratio based on the result of the compari-
son of the measured value to the expected value and to store
the adjusted ratio as one of the adjusted set of analysis 50
parameters on the computer readable medium.

According to a third embodiment of the technology
described herein, a non-transitory computer readable
medium with data stored thereon 1s provided, which com-
prises instructions for execution by at least one processor to: 55
receive a measured value of a first attribute of a calibration
sample calculated based at least in part on analysis data
generated using a baseline set of analysis parameters by a
detection system adapted to analyze material samples; com-
pare the measured value to an expected value of the first 60
attribute of the calibration sample to determine whether the
measured value varies from the expected value by more than
a threshold amount; adjust at least one of the baseline set of
analysis parameters so as to create an adjusted set of analysis
parameters 1n the event that the measured value varies from 65
the expected value by more than the threshold amount; store
the adjusted set of analysis parameters; prompt a user of the

6

detection system to 1nitiate analysis of the calibration sample
using the adjusted set of analysis parameters; and prompt a

user of the detection system to initiate analysis of a test
sample using one of the baseline set of analysis parameters
or the adjusted set of analysis parameters.

In some embodiments, the data stored on the computer
readable medium further comprises instructions for execu-
tion by at least one processor to: calculate a ratio of an
amount of voltage and/or electric current to be applied by the
destain well actuation element to an amount of voltage
and/or electric current to be applied by the separation
channel well actuation element to create a concentration
gradient and allow diffusion-driven dilution of the mixture
of the calibration sample and the dye; activate a loading well
actuation element to mix at least one of a dye and a
surfactant and the calibration sample 1n at least one channel
of a microfluidic chip; activate a separation channel well
actuation element to draw the calibration sample through a
separation channel of a microfluidic chip based at least 1n
part on the calculated ratio; and activate a destain well
actuation element to dilute the mixture of the calibration
sample and at least one of the dye and the surfactant based
at least 1n part on the calculated ratio.

In some embodiments, the data stored on the computer
readable medium further comprises instructions for execu-
tion by at least one processor to: adjust the ratio based on the
result of the comparison of the measured value to the
expected value and to store the adjusted ratio as one of the
adjusted set of analysis parameters on the computer readable
medium.

In some embodiments, the data stored on the computer
readable medium further comprises instructions for execu-
tion by at least one processor to: calculate an amount of a
reagent to mix with the calibration sample; calculate a ratio
of an amount of voltage and/or electric current to be applied
to a first reagent well contamning the reagent at a first
concentration to an amount of voltage and/or electric current
to be applied to a second reagent well containing the reagent
at a second concentration suflicient to mix the calculated
amount of reagent with the calibration sample, wherein the
second concentration 1s different from the first concentra-
tion; and activate a first reagent well actuation element and
a second reagent well actuation element using the ratio.

In some embodiments, the data stored on the computer
readable medium further comprises instructions for execu-
tion by at least one processor to: adjust the ratio based on the
result of the comparison of the measured value to the
expected value and to store the adjusted ratio as one of the
adjusted set of analysis parameters.

Other aspects of the technology described herein and its
particular features and advantages will become more appar-
ent from consideration of the following drawings and
accompanying detailed description.

BRIEF DESCRIPTION OF TH.

L1l

DRAWINGS

FIG. 1A 1s a perspective view of an embodiment of a
sample analysis system according to the present technology.

FIG. 1B 1s a schematic view of the embodiment of FIG.
1A.

FIG. 2A 1s a perspective view ol a microfluidic chip for
use with the embodiment of FIG. 1A.

FIG. 2B 1s a schematic view of the chip of FIG. 2A.

FIG. 3 15 a perspective view of a sample plate for use with
the embodiment of FIG. 1A.

FIG. 4 15 a flow chart depicting a method according to an
embodiment of the present technology.
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FIG. 5 1s a flow chart depicting additional steps of an
embodiment of the method of FIG. 4.

FIG. 6 1s a flow chart depicting additional steps of the
embodiment of the method of FIG. 5.

FIG. 7 1s a flow chart depicting additional steps of a
second embodiment of the method of FIG. 4.

FIG. 8 1s a flow chart depicting additional steps of the
embodiment of the method of FIG. 7.

DETAILED DESCRIPTION

The present technology provides systems, devices, and
methods for analyzing material samples with improved
consistency 1n the results of such analyses. Embodiments of
the technology described herein utilize software to adjust a
measurement system’s analysis parameters based on the
results of calibration standard analysis runs before analysis
of the desired test samples. Some embodiments of the
technology employ soiftware 1n connection with user inputs
to optimize the analysis parameters prior to the test runs. The
technology described herein can be embodied in complete
sample testing equipment, individual components thereof,
software packages embodied on computer readable media or
available for download, and individual specific software
modules embodied on computer readable media or available
for download for incorporation into a soiftware package
loaded 1n a measurement system.

The following description 1llustrates the technology that 1s
the subject of the present application by way of example, not
by way of limitation of the principles thereof. This descrip-
tion will enable one skilled 1n the art to make and use the
technology and describes several embodiments, adaptations,
variations, alternatives, and uses of the technology, includ-
ing what 1s presently believed to be the best mode of
carrying out the technology. However, this technology may
be embodied in several forms and should not be construed
as limited to the embodiments set forth herein; rather, these
embodiments are provided by way of example so that this
disclosure will convey the scope of the technology to those
skilled 1n the art.

FIG. 1A shows a system according to a first embodiment
of the present technology. The system 10 1s a microfluidics
analysis platform that utilizes electrophoretic separation to
analyze, or assay, material samples. The system 10 1s
particularly well adapted to analyzing genomic, protein,
biological, and other compound samples. Systems and meth-
ods that utilize microfluidics analysis techniques are also
described 1n U.S. Pat. Nos. 6,495,369, 7,316,801, and 7,888,
125, the contents of which are hereby incorporated by
reference herein.

A variety of assays may be performed using microtluidics
according to the subject technology to detect an analyte of
interest 1n a sample. Using labels 1n an assay as a way of
detecting the concentration of the analyte of interest 1s well
known 1n the art. In some embodiments, labels are detect-
able by spectroscopic, photochemical, biochemical, 1immu-
nochemaical, or chemical means. For example, usetul nucleic
acid labels include 32P, 35S, fluorescent dyes, electron-
dense reagents, enzymes, biotin, dioxigenin, or haptens and
proteins for which antisera or monoclonal antibodies are
available. A wide variety of labels suitable for labeling
biological components are known and are reported exten-
sively 1n both the scientific and patent literature, and are
generally applicable to the present technology for the label-
ing ol biological components. Suitable labels include radio-
nucleotides, enzymes, substrates, cofactors, inhibitors, tluo-
rescent moieties, chemiluminescent moieties,
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bioluminescent labels, calorimetric labels, or magnetic par-
ticles. Labeling agents optionally include, for example,
monoclonal antibodies, polyclonal antibodies, proteins, or
other polymers such as aflinity matrices, carbohydrates or
lipids. Detection proceeds by any of a variety of known
methods, mncluding spectrophotometric or optical tracking of
radioactive or fluorescent markers, or other methods which
track a molecule based upon size, charge or athnity. A
detectable moiety can be of any material having a detectable
physical or chemical property. Such detectable labels have
been well-developed 1 the field of gel electrophoresis,
column chromatography, solid substrates, spectroscopic
techniques, and the like, and in general, labels useful i such
methods can be applied to the present technology. Thus, a
label includes without limitation any composition detectable
by spectroscopic, photochemical, biochemical, 1mmuno-
chemical, electrical, optical, thermal, or chemical means.

The system 10 1ncludes sample holder 11 for receiving a
sample plate 12. Material samples to be analyzed are pro-
vided 1n appropriate quantities 1in the sample plate 12. The
system 10 also includes a chip holder 13 for receiving a
microtluidic chip 22. A microfluidic chip i1s sometimes
referred to as a “lab-on-a-chip” and contains, 1n some
embodiments, a plurality of wells for contaiming reagents
and a plurality of channels that connect the wells.

In some embodiments, a reagent chamber contains about
50 ul to about 1 ml of fluid. In some embodiments, the
chamber contains about 100 ul of fluid. The volume of liquid
in a reagent chamber will vary depending on the type of
assay being run or the sample being analyzed. In some
embodiments, the reagents are mitially stored dry and lig-
uelied upon mitiation of the assay being run on the fluidic
device.

Reagents according to the present technology include,
without limitation, wash buflers, substrates, gel matrix solu-
tions, dilution buflers, conjugates, enzyme-labeled conju-
gates, DNA amplifiers, sample diluents, wash solutions,
sample pre-treatment reagents including additives such as
detergents, polymers, chelating agents, albumin-binding
reagents, enzyme inhibitors, enzymes, anticoagulants, red-
cell agglutinating agents, antibodies, dyes, hydrophobic
dyes, or other materials necessary to run an assay on a fluidic
device. An enzyme conjugate can be either a polyclonal
antibody or monoclonal antibody labeled with an enzyme,
such as alkaline phosphatase or horseradish peroxidase. In
some embodiments the reagents are immunoassay reagents.

The channels on the chip generally have a channel cross
sectional dimension in the range from about 0.1 um to about
500 um, or about the size of a human hair.

The system 10 shown 1n FIG. 1A also includes a built-in
monitor 15. The monitor 15 1s, in this embodiment, a touch
screen interface by which users of the system 10 interact
with the system. Relevant information regarding operation
of the system can be provided to the user via the monitor 15,
and user instructions can be mput to the system 10 via the
monitor 135. In other embodiments, a monitor that 1s separate
from the analysis system 1s provided along with other input
devices such as a keyboard and mouse (not shown).

FIG. 1B shows a schematic view of the components of the
system 10. The system 1includes a detection system 16,
which performs the tasks associated with assaying samples
and collecting data. Generally, the detection system 16
comprises actuation elements 17, excitation elements 18,
and detection elements 19. The actuation elements 17 inter-
act with the microfluidic chip 1n various ways to nitiate and
direct the flow of a sample and assay reagents in the chip.
The excitation elements 18 generally include a radiation
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source ol some kind, such as a laser, which 1s used to
illuminate a sample a cause 1t to emit a detectable signal. The
detection elements 19 collect and measure the signal emitted
from the excited sample.

The detection system 16 1s 1n communication with a
processor 20. The processor 20 executes instructions for
processing the output of the detection system 16 and 1nstruc-
tions to provide control signals to the detection system to
perform assays and otherwise govern its operation. The
processor performs calculations specific to the analysis
performed by the detection system 16, and numerous other
calculations as needed by the user. The computer readable
medium 21 stores the instructions utilized by the system and
executed by the processor 20. The computer readable
medium 21 also stores data associated with the assays
performed by the system, including parameters to be applied
to perform the assay, assay result data, and any other related
information. The medium 21 can take the form of any
well-known data storage device compatible with the system
and processor requirements.

The processor 20 communicates with the user interface
15, which, in the embodiment of FIG. 1A, 1s a touch-
sensitive display monitor. The processor executes instruc-
tions to display data outputs and prompts for the user and
also receives user mputs via the interface 15.

FIGS. 2A and 2B show an exemplary embodiment of a
microfluidic chip 22 for use with systems according to the
present technology. The chip 22, sometimes referred to as a
cartridge, includes a plurality of wells 23 and a sipper 24.
The sipper 24 and the wells 23 are linked by a plurality of
channels. The wells 23 are used to hold reagents for use 1n
the assay of the sample. FIG. 2B shows a schematic view of
a chip 22. The chip 22 includes ten wells 23: a marker well
23-4, four wells that contain a solution of gel, dye, and, 1n
some embodiments, a surfactant such as sodium dodecyl
sulfate (SDS) 23-3, 23-7, 23-8, and 23-10, two wells that
contain a destain solution, such as gel without dye or SDS
23-2 and 23-9, a waste well 23-1, and two spare wells 23-5
and 23-6. The wells are linked by a network of microfluidic
channels. A first channel 25 links the marker well 23-4 to the
sipper 24. A second channel 26 1s linked to the first channel
235 and connects gel/dye wells 23-3 and 23-8. A third channel
27 1s connected to the first and second channels and also
links gel/dye wells 23-7 and 23-10. A fourth channel 28 is
connected to the third channel 27 and links destain wells
23-2 and 23-9. Finally, a fifth channel 29 links the waste well
23-1 to the second channel 26.

In a typical sample analysis procedure, the chip 22 1s
prepared with the necessary reagents and then loaded into
the chip holder 13. In some embodiments, the microfluidic
chip 22 1s reusable such that 1t can be loaded with reagents
for a series of assays on a series of samples, cleaned, and
then reloaded with reagents for another series of assays. This
process can be repeated hundreds, and sometimes thousands,
of times. In other embodiments, the chip 22 1s considered
single use, in which case 1t 1s discarded after a one or a series
of test runs.

FIG. 3 shows an exemplary embodiment of a sample plate
12 for use with systems according to the present technology.
The sample plate 12 includes a plurality of sample wells 1n
a grid formation, each well having a row letter (A-H) and
column number (1-12) associated with 1t. The plate 12
shown 1n FIG. 3 has 96 wells, but other embodiments use
plates that have any number of sample wells. The plate 12
1s shown 1n FIG. 3 during the process of 1ts being loaded into
the sample holder 11 of the system 10. In this embodiment,
the holder 11 1s 1n the form of a drawer or movable tray that
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slides 1n and out of the main housing of the system 10. The
holder 11 1ncludes a bufler well 31 for holding a bufler tube
32, which typically contains a bufler solution. The holder
also 1includes a ladder well 33 for holding a ladder tube 34,
which typically contains a ladder sample. Ladder samples
are well known standard material samples for comparison
with test samples, calibration, etc.

The system 10 1s used for a number of different sample
assays, among them are protein characterization and DNA/
RNA quantification. A typical assay 1s performed as follows:
First, the gel/dye, and 1n this embodiment, SDS, solution of
wells 23-3, 23-7, 23-8, and 23-10 1s distributed through the
third channel 27, which 1s also referred to as the separation
channel, and second channel 26. This 1s accomplished by,
for example, using well actuation elements to apply pressure
to push the gel/dye/SDS solution mto the channels. Such a
vacuum pressure 1s applied, 1n some embodiments, to wells
23-2, 23-7, 23-8, and 23-10. Then, a sample, such as
proteins, 1s brought onto the chip 22 directly from a micro-
titer plate, such as the sample plate 12, via the capillary
sipper 24. This 1s achieved in some embodiments by acti-
vating an actuation element associated with waste well 23-1.
In the embodiment shown, the actuation element applies a
vacuum at the well 23-1, which exerts a suction force to
move a sample up the sipper and onto the chip 22. In other
embodiments, the actuation elements may apply other types
of forces, such as an electrical force, to move the sample.
The system 10 also includes actuation elements that move
the chip 22 and/or sample plate 12 relative to one another so
that the sipper engages with the desired sample well.

Next, once the sample reaches the chip, it 1s mixed with
marker from well 23-4. Actuation elements associated with
well 23-4 cause the marker to mix with the sample in some
embodiments and, in other embodiments, the wvacuum
applied to well 23-1 to draw the sample to the chip will also
draw the marker solution from well 23-1. In some embodi-
ments, the marker material includes internal DNA markers.

The sample 1s then loaded into the gel/dye/SDS solution.
Actuation elements 1n the detection system apply a voltage
and electrical current to the wells 23-3 and 23-8, which
causes a “loading current” that moves a plug of the sample
toward well 23-8. Voltages and currents are then applied to
wells 23-7 and 23-10 to cause an “injection current” that
injects a small plug of the sample into the separation
channel. In some embodiments, most of the wells are
associated with one or more actuation elements in the
system that apply a voltage and electrical current to the well.
The applied voltage and current controls the flow of the
sample through the microfluidic channels. In some embodi-
ments, the system 10 permits users to adjust the voltage or
clectrical current applied to each well, or both, in order to
adjust the tlow.

Once the plug of sample has been injected into the
separation channel, a voltage and current 1s applied to begin
the electrophoresis process. The gel/in wells 23-7 and 23-10
1s a sieving matrix, such as, in some embodiments, a low
viscosity matrix of entangled polymer. The dye 1s a fluo-
rescent dye. The voltage and current applied to the wells
23-7 and 23-10 causes the sample to be electrokinetically
moved along the separation channel 27, through the gel/
SDS/dye solution.

As the sample, for example, a protein-SDS complex along
with free SDS micelles, moves through the separation chan-
nel 27 1t 1s immediately stained by the dye component
present 1n the sieving matrix. At the end of the separation
channel 27, the sample 1s diluted by a diffusion process to
reduce the SDS concentration below i1ts critical micelle
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concentration. This 1s intended to reduce the background
fluorescence so that protein-SDS-dye complexes can be
detected. This 1s accomplished by actuation elements that
apply a voltage to wells 23-2 and 23-9 (containing destain
material, such as gel without SDS or dye) to cause current
to flow ito both sides of the separation channel. The
dilution step, referred to as destaining, 1s accomplished as
the electrical fields force the protein-SDS complexes and the
free SDS micelles into the center of channel 27; diffusion of
SDS toward the sides of channel 27 brings the SDS below
critical micelle concentration.

The sieving matrix causes proteins of different types to
separate under the force of the electric field applied to wells
23-7 and 23-10. Because diflerent proteins have different
sizes, they travel at different rates through the sieving
matrix. Thus, the different types of proteins contained in a
sample will be separated and organized by size as a result of
the sieving matrix and applied electrical field.

The destaimned sample then moves through the detection
point of the separation channel 27 where it 1s 1lluminated by
an excitation light. This causes the dyed sample to tluoresce,
the emissions of which are recorded by the detection ele-
ments of the detection system. By the time the proteins are
illuminated by the excitation light, they have been separated
from each other and sorted by size. The detection elements
19 collect the radiation from the illuminated sample and
send this data to the processor 20. The processor 20 can
output this data to the user in a number of formats, including
in the form of an electropherogram or a virtual gel view for
visual comparison with a ladder sample.

In most embodiments, the system 10 1s designed to
execute the steps of the assay with minimal user inputs. The
user may be required to select the type of assay to run, to
specily certain analysis parameters, and to select the format
of the result data, but many of the tasks associated with an
assay will be automated. In many embodiments, the sofit-
ware 1nstructions that govern the performance of the assay
are stored in the computer-readable medium and executed
by the processor. These instructions are sometimes referred
to as a “script.” In some embodiments, a measurement
system such as system 10 will include a number of default
scripts for running a number of common assays. The default
scripts will have preloaded values for many of the necessary
analysis parameters and will prompt the user for values for
other analysis parameters.

For each type of microfluidics assay, there are numerous
factors and parameters that determine the results achieved.
Fluctuations in these factors and parameters—even when
small—can cause unexpected and unwanted variation in the
results. These fluctuations can cause problems when, for
example, the same assay on the same sample 1s performed
using two different chips of the same design, or 1n two
different systems of the same type, but diflerent results are
achieved for each assay. Variations in the results of such tests
can reduce the perceived reliability, usetulness, and value of
a measurement system.

Traditional calibration techniques can help make results
consistent, but have little or no effect on many of the test
parameters that are critical to any sample analysis using
microtluidics. Many calibration techniques adjust measured
results according to a known error or characteristic of a
measurement device. For example, in U.S. Pat. No. 7,888,
125 to Gibbons et al., the inventors describe a method of
calibrating fluidic devices intended to improve the calibra-
tion of microfluidic devices. In that patent, a microfluidic
device 1s used to perform assays on calibration samples. The
results of these calibration assays are compared to the results
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of calibration performed by the manufacturer of the micro-
flmidic device at the factory. This comparison vyields a
calibration factor to be applied to the signal results obtained
during use of that fluidic device.

The calibration method of U.S. Pat. No. 7,888,125 and
other known calibration methods, however, will not address
numerous parameters that can aflect the results of microtlu-
1idic assays. As just one example, the method of U.S. Pat. No.
7,888,125 cannot account for vanations in the dyes and
other reagents utilized with a microfluidic device. The
present technology, on the other hand, employs smart soft-
ware to reduce variability in measured signals by adjusting
the operating conditions—or analysis parameters—based on
measured signals of previous sample runs. Examples of
measured signals include the fluorescence reading from
biomolecules (like proteins or other molecules) and mea-
sured currents or voltages applied or found 1n the microflu-
idic chip.

FIG. 4 15 a flow chart depicting a method according to a
first embodiment of the present technology. First, a calibra-
tion sample 1s analyzed using a set of analysis parameters,
where the sample has an expected value of a first attribute at
step 100. Next, at step 101, a measured value of the first
attribute 1s calculated based at least 1n part on the analysis of
step 100. Then, at step 102, the measured value 1s compared
to the expected value to determine whether the measured
value varies from the expected value by more than a
threshold amount. If the measured value varies from the
expected value by more than the threshold amount, then, at
step 103q, at least one of the set of analysis parameters 1s
adjusted to create an adjusted set of analysis parameters and
steps 100-103 are performed 1teratively using the adjusted
set of analysis parameters until the measured value varies
from the expected value by less than the threshold amount.
If the measured value varies from the expected value by less
than the threshold amount, then, at step 1035, a test sample
1s analyzed using the first set of analysis parameters.

The first embodiment has been advantageously applied to
the process of destaining a protein sample during a protein
separation assay. By way of background, fluctuations in the
parameters associated with the destain process can cause
significant run-to-run variation. In certain protein separation
assays, the protein measurement signal 1s achieved by deco-
rating the proteins using SDS (sodium dodecyl sulfate) and
a hydrophobic dye. Sometimes, this process also creates a
lot of free SDS micelles (an entity which 1s formed by many
SDS molecules) that are not attached to the proteins, and
which are fluorescent. An excessive concentration of SDS
micelles will produce a large background fluorescence sig-
nal that can mask the protein measurement signal.

Destaining 1s mtended to lower the SDS micelle concen-
tration to improve the background fluorescence signal to
allow better detection of stained proteins. SDS micelles can
be destroyed by lowering the concentration of SDS wvia
dilution with non-SDS 1ons. The free micelles are broken up
when the SDS concentration falls below a critical micellar
concentration or “CMC.” The degree of dilution, and thus
destain, 1s governed by the ratio of the current applied to the
chip wells without SDS and dye (e.g., the destain wells 23-2
and 23-9) and to the current applied to wells with the SDS
and dye (e.g. wells 23-7 and 23-10) and that acts on the
protein sample. The voltage or the current, or both, applied
to these wells can be adjusted to control the tflow of SDS
micelles and protein-SDS complexes. It 1s more advanta-
geous 1 some embodiments to control the current or a
combination of the voltage and the current. This 1s because
the electric current 1s directly proportional to the tlow rate in
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situations where the material flow 1s purely electrokinetic,
which 1s the case in most microfluidic measurement sys-
tems. In many embodiments, therefore, the destain ratio 1s a
ratio of applied currents, such that the amount of destain 1s
adjusted by adjusting the applied currents relative to each
other. In other embodiments, adjustments to the destain ratio
are achieved by adjusting the applied voltages, or a combi-
nation of the applied voltages and currents.

There are a variety of parameters that determine the CMC,
including: the concentration of bufler components, the con-
centration of SDS monomer, the type and concentration of
dye, and undesired additives that may aflfect butler quality.
The CMC can vary due to variability i any of these
parameters. Similarly, the CMC can vary from run to run due
to vaniability in reagents, variability in resistance in the
channels on the chip, and differences 1n sample preparation
workflow. In some cases, a pre-set or default current ratio
intended to accomplish destain may not bring the SDS
concentration suiliciently below CMC for a variety of rea-
sons, 1n which case the background signal would be unde-
sirably high. That means free micelles carrying dye mol-
ecules produce a large background signal and that can mask
the fluorescent measurement signal associated with proteins.
The result 1s an 1naccurate protein measurement signal, as
relevant protein peaks disappear in the excessive back-
ground signal.

The destain current ratio also aflects the diffusion of SDS
micelles from the sample stream to the destain stream. In
addition to SDS and dye concentration, discussed above, the
degree of protein staiming and destaining 1s influenced by
this diffusion of SDS micelles. The diffusion of SDS
micelles 1s controlled by the diflusion coeflicient of SDS
micelles and the diffusion distance. The diffusion distance
can be altered by changing the current ratio between the
sample stream and destaining streams. When applying
higher destaining current, the sample stream becomes more
narrow and therefore the SDS micelles diffuse faster and the
destaining 1s more eflicient. Another variable determining
the destaining etliciency is the diffusion time. When labeled
proteins pass through the optic detector, the fluorescent
signal 1s recorded as a peak profile from background (extra
micelles that carry the dye), which 1s further analyzed to
identily protein size and concentration. While the proteins
and SDS micelles are migrating along the separation channel
towards the detector, destaining 1s happening by the diffu-
sion of those molecules across the separation channel. The
clectric field and distance from the destain channel(s) to the
detector determines the time of diffusion thus the efliciency
ol destain.

Thus, a fixed destain current ratio may cause diflerent
background and protein peak signals due to slight variations
in CMC of the SDS micelles and 1n the diffusion distance
and time. This fixed destain current 1s typically the default
destain current that 1s part of the default script for the protein
separation assay. According to the present technology, run-
to-run variation in the protein signal can be avoided by
optimizing the destain current ratio prior to the test sample
runs.

In the context of a destaiming process, the method of FIG.
4 1s applied with steps specific to the destain process. In this
embodiment, the destain ratio 1s among the set of analysis
parameters. In some embodiments, the first attribute 1s the
percent purity ol a material (such as a protein) in the sample.
The destain ratio 1s, as described above, the ratio of an
amount of voltage and/or electric current to be applied to a
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well containing the destain material to an amount of voltage
and/or electric current to be applied to draw the sample
through the sieving matrix.

To begin analysis of a calibration sample, a microtiuidic
chip 1s prepared for an assay of one or more samples having
the first attribute. The sample plate 1s prepared with the one
or more samples to be assayed, along with a ladder sample
and the calibration sample. In this embodiment, the step 101
of analyzing a calibration sample using a set of analysis
parameters includes the steps of: sipping the calibration
sample 1mnto a channel of the microfluidic chip (110), draw-
ing the calibration sample through a sieving matrix and
mixing the calibration sample with at least one of a dye and
a surfactant (111); and illuminating the calibration sample
with excitation radiation (112). This process 1s depicted in
FIG. 5.

The analysis of the calibration sample according to step
101 1n the context of the destain process also includes the
steps, shown 1n FIG. 6, of: calculating a ratio of an amount
of voltage and/or electric current to be applied to a well
containing a destain material to an amount of voltage and/or
clectric current to be applied to draw the calibration sample
through the sieving matrix (115); and diluting the mixture of
the calibration sample and at least one of the dye and
surfactant by applying the ratio of voltages and/or electric
currents (116).

The measured value 1s compared at step 102 to the
expected value of the first attribute to determine 1if the
measured value varies from the expected value by more than
a threshold amount. This 1s done 1n some embodiments by
subtracting the measured value from the expected value and
taking the absolute value of the result. The threshold amount
will vary according to the type of assay being performed and
the purpose of the assay. In one embodiment, the threshold
1s about 5% of the expected value, so that 11 the measured
value 1s different than the expected value by an amount that
1s less than about 5% of the expected value, then the
measured value varies from the expected value by less than
a threshold amount. In other embodiments, the threshold
amount 1s about 4% of the expected value, about 3% of the
expected value, about 2% of the expected value, about 1%
of the expected value, or about 0.5% of the expected value.
Other threshold amounts are used in other embodiments
according to the assay to be performed and/or the user’s
preferences.

If the measured value varies from the expected value by
more than the threshold amount, then the destain ratio 1s
adjusted so that the set of analysis parameters 1s now an
adjusted set of analysis parameters at step 103a. This can be
accomplished by adjusting the voltages and/or electric cur-
rents applied to the destain wells, the gel/dye/SDS wells, or
both pursuant to step 117 1n FIG. 6. In one advantageous
embodiment, the destain ratio 1s adjusted by a set increment
ol 0.25. In other embodiments, other parameters of the set of
analysis parameters are adjusted. The calibration sample 1s
then assayed using the adjusted set of analysis parameters,
which includes the adjusted destain ratio. The measured
value of the first attribute (here the percent purity) 1s
calculated again and compared to the expected value. This
process 1s repeated iteratively until the measured value
varies from the expected value by less than the threshold
amount.

Once the destain ratio that provides a measured value
close enough to the expected value has been determined, 1t
1s selected for use with the remaining sample assays to be
performed with that fluidic chip at step 1035. The final

selected destain ratio replaces the original destain ratio 1n the
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script for the protein separation assay and forms part of the
final adjusted set of analysis parameters that 1s then used to
assay the user’s actual test samples. As mentioned above, 1n
other embodiments, adjustment of the degree of destain by
the system 1s accomplished by changing the applied voltage
or both the applied voltage and the applied current instead of
only the applied current.

In some embodiments, preprocessing steps are undertaken
to determine a baseline destain current ratio for use at the
start of the optimization process. In some embodiments, the
baseline destain ratio 1s provided as part of the default set of
analysis parameters, while 1n other embodiments, the system
includes a script for calculating a baseline destain ratio for
use with a chip prepared to perform a series of assays. The
following describes the steps necessary to calculate the
baseline destain ratio, which are typically executed b
soltware executing 1n at least one processor 1n the system 10.

In general, the calculation of the baseline ratio 1s based on
the electric resistance and expected mobility for a standard
material for at least one channel on the microflmidic chip.
More specifically, first, a series of sips from the ladder
sample are taken by the chip. These ladder sample sips are
then analyzed to determine the migration time of a given
material (such as 120 kDa protein) 1n the sample along with
the associated current through those sips. The conductivity
of the channels of the chip 1s then determined. Using this
data, calculations are made to determine the mobility of a
known material (such as 120 kDa protein), the resistances of
the channels, and the electrical currents to apply to the wells
of the chip for the calculated migration time. Based on these
calculations, a maximum 1nitial destain ratio for the chip 1n
use can then be calculated.

Next, using a calibration sample, two test runs are per-
formed to obtain data on the first attribute, which has a
known, expected value. The calibration sample 1s provided
with a known expected value of percent purity. The calibra-
tion sample 1s sipped from the sample plate (e.g., from
sample well Al) via the sipper 24. The sample 1s then mixed
with a marker, and drawn through the separation channel
(third channel 27), which contains the sieving matrix (the
gel/dye solution). The sample 1s then illuminated with
excitation radiation from the laser, and the resulting fluo-
rescent emissions of the sample are recorded.

A first measurement run with the calibration sample uses
the maximum 1mtial destain ratio calculated above using the
ladder samples, and a second run uses a minimum 1nitial
destain ratio. The minimum initial destain ratio may be
provided as a default parameter. As described above, the
destain ratio 1s the ratio of current (or voltage) applied to the
destain wells 23-2 and 23-9 to the current (or voltage)
applied to draw the sample through the separation channel
(wells 23-7 and 23-10). Using the results of these two runs,
the system calculates the baseline destain ratio that 1s
predicted to give the expected percent purity, including the
respective voltages and/or currents to apply to the destain
wells (23-2 and 23-9) and the wells 23-10 and 23-7 to
achieve the desired degree of 1mitial destain.

Once the baseline destain ratio has been calculated, the
optimization process described above can begin using this
baseline destain i1n the set of analysis parameters to be
applied to the calibration sample.

In most embodiments of the present technology, the
various steps of the foregoing process are undertaken by
software. This includes the various calculations and control
inputs for the actuation elements of the detection system.
The system software will prompt the user for input at various
steps along the way. In some embodiments of the technol-
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ogy, user mput will be solicited by the system for selecting
the threshold amount discussed above, the amount of incre-
mental change to apply to the destain ratio during optimi-
zation of the ratio, and confirmation to 1nitiate each succes-
sive assay and one or more steps of each assay. The user 1s
also prompted to select the format in which he or she wishes
to view assay data, and which of multiple data manipulation
tasks he or she wishes the system to perform.

By optimizing the destain ratio for a particular chip with
a particular set of reagents to obtain a fluorescence signal
that provides the expected results, the user will obtain
consistent results that can be reliably compared to results
obtained using the same assay on a second chip (assuming
the same optimization process 1s performed on the second
chip). The above 1terative optimization process 1s advanta-
geously employed with respect to a variety of parameters
associated with the assay process. These include: laser
power, focus position, mjection volume, dye fluorescence,
the concentrations of reagents, and others. In addition to
mampulating current ratios, other operating and controlling
variables of microtluidic chips, such as imposed voltages
and/or currents and/or pressures in supply wells, detector
position, or imposed times of various steps can be changed,
singly or 1n combination.

In a second embodiment of the present technology, the
concentration of reagents mixed with the sample 1s opti-
mized using a feedback algorithm similar to the process
described above. The degree of dilution of a sample 1n
reagents 1 a microtluidic network channel can be controlled
by applying currents and/or voltage to two wells containing
different concentrations (one high and one low) of the
reagents. The exact concentration of a specific reagent can
be achieved by tuning approprniate currents from the high
concentration and low concentration wells. In the context of
the present technology, data obtained from analysis of a
calibration standard can be used to optimize fluorescent
signal levels through adjustment of the relative voltage
and/or current settings of reagent wells containing high and
low concentrations of, for example, SDS and dye. Once the
appropriate voltage or current settings are determined, the
default settings are replaced with the adjusted or optimized
settings.

FIG. 7 shows the steps that comprise step 101 in the
context of optimizing reagent concentration. In this embodi-
ment, a calibration sample 1s analyzed using a set of analysis
parameters that includes a ratio of currents to be applied to
a high-concentration reagent well and a low-concentration
reagent well, respectively. The calibration sample again has
a first attribute that has an expected value. The analysis
involves: sipping the calibration sample into a channel of a
microtluidic chip (120); mixing the calibration sample with
a reagent drawn from at least two reagent wells (121);
drawing the calibration sample through a sieving matrix
(122); and Illuminating the calibration sample with excita-
tion radiation (123).

In some embodiments, the step 121 further comprises the
steps of: calculating an amount of the reagent to mix with the
calibration sample (124); calculating a ratio of an amount of
voltage and/or electric current to be applied to a well
containing the reagent at a first concentration to an amount
of voltage and/or electric current to be applied to a well

containing the reagent at a second concentration, wherein
the second concentration 1s diflerent from the first concen-
tration, wherein the ratio 1s sutlicient to mix the calculated
amount ol reagent with the calibration sample (125); and
mixing the reagent and calibration sample by applying the
ratio of voltage and/or electric currents (126).
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The results of the analysis include a measured value of the
first attribute, which 1s then compared to the expected value.
The comparison includes analysis of the fluorescence signal
produced by the selected reagent concentration. It the fluo-
rescence signal does not produce a measured value that 1s
suiliciently similar to the expected value, then the currents
applied to the reagent wells are adjusted and another cali-
bration sample analysis 1s performed (see step 127). Again,
this process 1s performed iteratively as many times as
necessary until the desired measured value 1s obtained (see
step 103a). At that point, the adjusted currents are stored as
an adjusted set of analysis parameters and applied to the test
samples (step 1035). As i the embodiment described above,
the method uses the history of sample runs on a microfluidic
chip to adjust the operating conditions of the chip. This
produces better and more consistent results by minimizing
the eflect of errors in the reagents and chip conditions.
The manner 1n which analysis parameters are altered and
tested against standardized samples 1s implemented 1n sev-
cral different ways 1n diflerent embodiments of the technol-
ogy. Speciiic test scripts can be implemented, and/or itera-
tive tests of several default scripts with incremental changes
in specific parameters can be implemented. In addition to
manipulating current ratios, other operating/controlling vari-
ables of microfluidic chips such as imposed voltages and/or
currents and/or pressures in supply wells, detector position,
or imposed times of various steps can be changed, singly or
in combination. Standards against which a specific response
1s measured can be changed according to the assay type,
sample type, and performance attribute to be optimized.
Standards may be tested independently for per-run optimi-
zation of operating parameters or may be mixed with each
sample for per-sample optimization. In the case of per-
sample optimization, each sample would be tested multiple
times until the optimized parameters are identified and
applied for the actual sample analysis. Presentation to the
user and transparency of the steps, tests, data, and/or analy-
ses used during optimization will be controlled through the
software display and may vary according to the goals of the
specific assay.
Accordingly, the present technology provides systems and
methods for improving the run-to-run consistency of mea-
surement results generated by, for example, a microtiuidic
measurement system. The present technology, which 1s
advantageously implemented via software that may be pre-
loaded 1nto a measurement system or purchased by a user to
upgrade his or her pre-existing system, allows a user to
accommodate fluctuation 1n the analysis parameters that can
cause significant run-to-run variation.
Although the technology has been described with refer-
ence to particular embodiments and arrangements of parts,
features and the like, these are not intended to exhaust all
possible embodiments, arrangements, or {features, and
indeed many other modifications and variations will be
ascertainable to those of skill 1n the art.
What 1s claimed 1s:
1. A method for analyzing a sample, comprising the steps
of:
A) for a calibration sample having a first attribute with an
expected value, analyzing the calibration sample using
a set of analysis parameters;

B) calculating a measured value of the first attribute of the
calibration sample based at least 1n part on the analysis
of step A);

C) comparing the measured value to the expected value to
determine whether the measured value varies from the
expected value by more than a threshold amount;
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D) 1t the measured value varies from the expected value
by more than the threshold amount, then

1) adjusting at least one of the set of analysis parameters
to create an adjusted set of analysis parameters;

2) performing steps A)-D) iteratively using the adjusted
set of analysis parameters until the measured value
varies Irom the expected value by less than the thresh-
old amount; and

E) if the measured value varies from the expected value
by less than the threshold amount, then analyzing a test
sample using the first set of analysis parameters.

2. The method of claim 1, wherein the step of A) analyz-

ing a calibration sample further comprises the steps of:

1) sipping the calibration sample into a channel of a
microfluidic chip;

2) drawing the calibration sample through a sieving
matrix and mixing the calibration sample with at least
one of a dye and a surfactant; and

3) illuminating the calibration sample with excitation
radiation.

3. The method of claim 2, wherein the calibration sample
comprises a protein and wherein step A) of analyzing a
calibration sample further comprises the steps of:

4) calculating a ratio of an amount of voltage and/or
electric current to be applied to a well containing a
destain material to an amount of voltage and/or electric
current to be applied to draw the calibration sample
through the sieving matrix; and

5) diluting the mixture of the calibration sample and at
least one of the dye and surfactant by applying the ratio
of voltages and/or electric currents.

4. The method of claim 3, wherein the step D)1) of
adjusting at least one of the set of analysis parameters further
comprises adjusting the ratio of an amount of voltage and/or
clectric current to be applied to a well containing the destain
material to an amount of voltage and/or electric current to be
applied to draw the calibration sample through the sieving
matrix.

5. The method of claim 4, wherein the first attribute 1s the
purity of the calibration sample and the expected value 1s
expressed as a percentage, the step C) of comparing the
measured value to the expected value further comprises the
steps of:

1) calculating the percent purity of the calibration sample

to obtain the measured value; and

2) subtracting the measured value from the expected value
to obtain a value diflerence.

6. The method of claim 5, wherein the variation between
the measured value and the expected value 1s determined to
be below the threshold amount when the absolute value of
the value difference 1s less than about 3% of the expected
value.

7. The method of claim 6, wherein the step D)2) of
performing steps A)-D) iteratively further comprises the step
of:

1) adjusting the ratio by about 0.25 on each iteration of the

performance of steps A)-D).

8. The method of claim 7, further comprises the step of:

F) calculating, based on the electric resistance and
expected mobility for a standard material for at least
one channel on the microfluidic chip, a baseline ratio of
an amount ol voltage and/or electric current to be
applied to a well contaiming the destain material to an
amount of voltage and/or electric current to be applied
to draw the calibration sample through the sieving
matrix.
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9. The method of claim 1, wherein the step of A) analyz-
ing a calibration sample further comprises the steps of:

1) sipping the calibration sample into a channel of a

microfluidic chip;

2) mixing the calibration sample with a reagent drawn
from at least two reagent wells;

3) drawing the calibration sample through a sieving
matrix; and

4) 1lluminating the calibration sample with excitation
radiation.

10. The method of claim 9, wherein the step A)2) of
mixing the calibration sample with a reagent further com-
prises the steps of:

a) calculating an amount of the reagent to mix with the

calibration sample;

b) calculating a ratio of an amount of voltage and/or
clectric current to be applied to a well containing the
reagent at a first concentration to an amount of voltage
and/or electric current to be applied to a well containing
the reagent at a second concentration, wherein the
second concentration 1s different from the first concen-
tration, wherein the ratio 1s suthcient to mix the calcu-
lated amount of reagent with the calibration sample;
and

¢) mixing the reagent and calibration sample by applying
the ratio of voltage and/or electric currents.

11. The method of claim 10, wherein the step D)1) of
adjusting at least one of the set of analysis parameters further
comprises adjusting the ratio of an amount of voltage and/or
clectric current to be applied to a well containing the reagent
at a first concentration to an amount of voltage and/or
clectric current to be applied to a well containing the reagent
at a second concentration.

12. Amethod for analyzing a sample, comprising the steps
of:

A) for a calibration sample having a {irst attribute with an

expected value, analyzing the calibration sample using

a set of analysis parameters;

B) calculating a measured value of the first attribute of the
calibration sample based at least 1n part on the analysis
of step A);

C) comparing the measured value to the expected value to
determine whether the measured value varies from the
expected value by more than a threshold amount;

D) if the measured value varies from the expected value
by more than the threshold amount, then

1) adjusting at least one of the set of analysis parameters
to create an adjusted set of analysis parameters;

2) performing steps A)-D) iteratively using the adjusted
set of analysis parameters until the measured value
varies Irom the expected value by less than the thresh-
old amount; and

E) 1f the measured value varies from the expected value
by less than the threshold amount, then analyzing a test
sample using the first set of analysis parameters;

wherein the calibration sample comprises a protein, and
wherein the step of A) analyzing a calibration sample
comprises the steps of:

1) sipping the calibration sample mto a channel of a
microfluidic chip;

2) drawing the calibration sample through a sieving
matrix and mixing the calibration sample with at
least one of a dye and a surfactant;

3) illuminating the calibration sample with excitation
radiation;

4) calculating a ratio of an amount of voltage and/or
clectric current to be applied to a well containing a
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destain material to an amount of voltage and/or
clectric current to be applied to draw the calibration
sample through the sieving matrix; and

5) diluting the mixture of the calibration sample and at
least one of the dye and surfactant by applying the
ratio ol voltages and/or electric currents.

13. The method of claim 12, wherein the step D)1) of
adjusting at least one of the set of analysis parameters further
comprises adjusting the ratio of an amount of voltage and/or
clectric current to be applied to a well containing the destain
material to an amount of voltage and/or electric current to be
applied to draw the calibration sample through the sieving
matrix.

14. The method of claim 13, wherein the first attribute 1s
the purity of the calibration sample and the expected value
1s expressed as a percentage, the step C) of comparing the
measured value to the expected value further comprises the
steps of:

1) calculating the percent purity of the calibration sample

to obtain the measured value; and

2) subtracting the measured value from the expected value
to obtain a value difference.

15. The method of claim 14, wherein the wvariation
between the measured value and the expected value 1s
determined to be below the threshold amount when the
absolute value of the value difference 1s less than about 5%
of the expected value.

16. The method of claim 15, wherein the step D)2) of
performing steps A)-D) iteratively further comprises the step
of:

1) adjusting the ratio by about 0.25 on each iteration of the

performance of steps A)-D).

17. The method of claim 16, further comprises the step of:

F) calculating, based on the electric resistance and
expected mobility for a standard material for at least
one channel on the microfluidic chip, a baseline ratio of
an amount ol voltage and/or electric current to be
applied to a well contaiming the destain material to an
amount of voltage and/or electric current to be applied
to draw the calibration sample through the sieving
matrix.

18. A method for analyzing a sample, comprising the steps

of:

A) for a calibration sample having a first attribute with an
expected value, analyzing the calibration sample using
a set of analysis parameters;

B) calculating a measured value of the first attribute of the
calibration sample based at least 1n part on the analysis
of step A);

C) comparing the measured value to the expected value to
determine whether the measured value varies from the
expected value by more than a threshold amount;

D) 11 the measured value varies from the expected value
by more than the threshold amount, then

1) adjusting at least one of the set of analysis parameters
to create an adjusted set of analysis parameters;

2) performing steps A)-D) iteratively using the adjusted
set of analysis parameters until the measured value
varies Irom the expected value by less than the thresh-
old amount; and

E) if the measured value varies from the expected value
by less than the threshold amount, then analyzing a test
sample using the first set of analysis parameters;

wherein the step of A) analyzing a calibration sample
further comprises the steps of:

1) sipping the calibration sample into a channel of a
microtluidic chip;
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2) mixing the calibration sample with a reagent drawn

from at least two reagent wells;

3) drawing the calibration sample through a sieving

matrix; and

4) 1lluminating the calibration sample with excitation 5

radiation; and

wherein the step A)2) of mixing the calibration sample

with a reagent further comprises the steps of:
a) calculating an amount of the reagent to mix with the
calibration sample; 10

b) calculating a ratio of an amount of voltage and/or
clectric current to be applied to a well containing the
reagent at a first concentration to an amount of voltage
and/or electric current to be applied to a well containing
the reagent at a second concentration, wherein the 15
second concentration 1s different from the first concen-
tration, wherein the ratio 1s sutflicient to mix the calcu-
lated amount of reagent with the calibration sample;
and

¢) mixing the reagent and calibration sample by applying 20

the ratio of voltage and/or electric currents.

19. The method of claim 18, wherein the step D)1) of
adjusting at least one of the set of analysis parameters further
comprises adjusting the ratio of an amount of voltage and/or
clectric current to be applied to a well containing the reagent 25
at a first concentration to an amount of voltage and/or
clectric current to be applied to a well containing the reagent
at a second concentration.
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